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Abstract 
The reflectance of solar selective coating, covering UV to MIR bands, is measured by only one Fourier Transform (FT) 
spectroscope. The measurement is done for different wavelength ranges from 0.3 to 20 Pm and different surface morphologies of 
substrate by different optical accessories. For flat smooth substrate, the reflectance of UV and VIS bands is measured by near 
normal relative reflectance accessory for mirror reflection, and that of NIR and MIR bands is measured by VW absolute 
reflectance accessory. For rough or curved substrate, the reflectance from UV to VIS is measured by white sphere accessory, and 
that of NIR and MIR is measured by gold sphere accessory. The sample holder is customized for the measurement of tubular 
substrate, and data in different bands is carefully calibrated with high reflection reference line and zero baseline approximation. 
Aluminum and gold coated mirrors are used for calibration in UV-VIS and NIR-MIR bands respectively. The reflectance of 
sample holder without any samples is considered as zero baseline. Smooth reflectance curves from 0.3 to 20 Pm are obtained for 
solar selective coatings which are deposited on the flat smooth, rough and tubular substrates, respectively.  
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1. Introduction 
Solar selective coating has a key role in the operation of solar collectors. It is deposited on the outer surface of the 
inner tube of the solar evacuated tubes to absorb solar irradiation as well as depress the thermal radiation. The 
coating must have high solar absorbance D and low thermal emittance H to achieve high solar thermal efficiency. 
According to Kirchhoff's law of H(O) = D(O) and D(O)=1R(O) for opaque substrate, R(O) needs to be measured 
covering ultraviolet (UV), visible (VIS) and near infrared (NIR) for the calculation of solar absorbance, and covering 
from NIR to middle infrared (MIR) for the calculation of thermal emittance. However this range is so wide that there 
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is not a single optical equipment or test method that can cover it entirely at once. The common method is the 
combination use of grating-based spectrophotometer from UV to NIR and Fourier Transform Infrared (FT-IR) 
spectrometer from NIR to MIR. In our work, only one FT spectroscope is used to measure the reflectance in the 
entire band. 
In addition to the obstacle of the measurement in such wide band, accurate measurement of the reflectance from 
the solar vacuum collector surface is another challenge because of its physical shape. Since the coating is deposited 
on the outer surface of the inner tube of the solar collector, the substrate shape is cylindrical. Thus it implies the 
reflectance measurement for columnar substrate surfaces. At present, typical FT-IR spectrometers can generally 
measure the reflectance curve of the flat substrate sheet coating. In our work, we will use the FT-IR spectrometer to 
measure the reflectance of the coating deposited on the columnar substrate surface. 
 
Nomenclature 
O Wavelength  
D Solar absorbance  
H Thermal emittance 
R  Reflectance  
2. Test  instruments and methods 
The main equipment of the measurement setup is Vertex80 FT-IR produced by Bruker. The default lighting 
source is ceramic lamp, the beam splitter is KBr and the detector is DTGS. The measuring range of such 
configuration is from 8000 to 300 cm-1 (1.25~33 Pm) with the wavenumber solution of 0.2 cm-1. To expand the 
measuring range to the short wavelength range, we add CaF2 beam splitter and external tungsten lamp for UV to 
NIR bands. The GaP, Si and InGaAs detectors are used for UV, VIS, and NIR bands respectively. VW reflectance 
accessory is used to measure R(O) curve in IR band on mirror substrate, whose principle is described in [1].  
Relative reflectance accessory is used for R(O) measurement in UV and VIS bands on mirror substrate sample. 
On the other hand, VW absolute reflectance accessory is used for R(O) measurement in NIR and MIR bands on 
mirror substrate sample. Gold and the Teflon integral spheres are used for the rough or curved surface substrate 
sample. The aluminium and gold coated samples are used as the calibration reference for UV to UV and NIR to 
MIR bands, respectively. 
3. Results and discussion 
3.1.  Smooth flat sheet samples 
The near-normal reflectance curve of the solar selective coating on the mirror substrate is shown in Fig. 1. In IR 
band, the reflectance is measured by VW optical accessory. However, the VW absolute measurement method is not 
used for UV-VIS-NIR bands. Since the coating reflectance in solar radiation band is low, the measured value by 
interference absorbing method is close to zero. As original data measured by VW reflective accessory is R2(O), and 
the photo detector noise has a greater impact in the low reflectance band. Therefore we use the relative reflectance 
accessory instead. In this case, the reflectance is measured with (no more than) 10° incidence angle. The reflectance 
of the specular aluminum which is shown in Fig.1, is drawn after calibrating with the reference and denoted by 
RAl(O). The relative reflectance of the test sample respect to specular aluminum reflectance is denoted by RS-Al(O).  
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Fig. 1. The reflectance curves of the mirror substrate 
Therefore the reflectance of the coating can be determined as RS(O)=RS-Al(O)×RAl(O). The black, red, blue and 
cyan lines are the reflectance for UV, VIS, NIR and MIR band, which match very well in the overlapping regions.  
3.2. Cylindrical sample 
If the optical accessory for smooth mirror substrates is still used for non-flat substrates, the reflectance will be 
underestimated, resulting in the higher measurement values for D and H. Thus, for the solar selective coating 
deposited on rough or curved substrates, the integral sphere attachment is adopted to collect the reflection from the 
rough surface sample in all directions. Since the collector sample has a cylindrical shape it is difficult to cover the 
sample surface perfectly. Therefore we designed a sample holder which the curvature radius is 35mm in the sphere 
accessory for measuring the R(O) of the tubular surface coating of a vacuum tube with diameter of 70mm. The 
optical accessories used for measuring the reflectance of tubular samples are shown in Fig. 2.  
The calibrated reflectance of the gold coating is denoted by RAu(O), and the relative reflectance of the sample 
respect to the specular gold is RS-Au(O). Similarly to the smooth surface case, the reflectance in UV-VIS–NIR band is 
determined by RS(O)=RS-Al(O)×RAl(O). [2, 3] 
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Fig. 3. The reflectance curves of tube sample (after correction) 
The reflectance curve of the sample with coating on the stainless steel substrate shows some gaps in the 
overlapped area of each band due to the mismatch between the sample hole and the incident light spot. For our 
integrating sphere attachments the incident light spot is relatively large. Indeed it is larger than the area of the 
integrating sphere sample hole. In actual conditions, the measured reflectance depends not only on the reflection 
from the sample but also on the reflections from the integrating sphere wall. So we apply the zero line correction 
method to measure the reflectance when the sample is not placed. In other words, the zero line is determined by the 
residual reflectance from the walls of the integrating sphere thus it is eliminated as an offset level from the 
normalized curves of Fig. 1 and Fig. 3. On the other hand, the full line is defined by the calibrated reflectance from 
the surface of the reference mirror.  
Under the ideal optical path conditions, the reflection of the sample should be zero, but due to the residual 
reflection of the sphere wall, we measure R0(O) as the reflectivity curve for the zero line. Table 1 shows the 
relationship between the measured and actual values of the spectroscopy reflectance.  
Table 1. The corresponding relationship between the measured value and the actual value of the spectroscopy reflectance 
 Background Zero line Reflection 
Band Measuring Actual Measuring Actual Measuring Actual 
NIR-MIR RF(O) RAu(O) R0(O) 0 Rm(O) RS(O) 
UV-VS-NIR RF(O) RAl(O) R0(O) 0 Rm(O) RS(O) 
 
Therefore, assuming the linear response of the detector, the actual reflectance of the sample can be expressed as 
equation (1) and (2). Fig. 3 shows the reflectance of the tubular sample after the corrections which represents a 
smooth continuity in overlapped regions. 
 
       > @    > @ 00 OOOOOO RRRRRR FmAuS u  @ NIR-MIR bands  (1) 
       > @    > @OOOOOO 00 RRRRRR FmAlS u  @ UV-VS-NIR bands  (2) 
4. Conclusion 
In this research the reflectance of the solar selective absorber coating covering UV to MIR was measured based 
on a single Fourier spectrometer and by using different combinations of optical accessories. The continues 
reflectance curve of the solar selective coating of the stainless steel tube with the diameter of 70mm, can be 
determined with considering the full and zero lines correction. By applying this measurement method it is possible 
to achieve a more accurate performance evaluation of the vacuum collector coatings. 
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